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T he ability of the morphologic right ventricle and its tricuspid valve to support he systemic irculation 
over a lifetime is limited. 1-3 In patients with complete 
transposition, the success of the arterial switch opera- 
tion, in which the morphologic left ventricle, not the 
right, supports the systemic irculation, led Ilbawi and 
coworkers to develop an operation to accomplish this in 
congenitally corrected transposition. 4 Congenitally cor- 
rected transposition (L-TGA) is a cardiac malformation 
that results in discordant connections between the atria 
and ventricles (AV discordance), and between the 
ventricles and great arteries (VA discordance). This 
"double discordance" of connections results in the de- 
saturated blood from the right atrium entering the 
morphologic left ventricle, where it is ejected into the 
pulmonary artery. Therefore, there is physiologic or- 
rection of blood flow despite transposed ventricles and 
great arteries, so-called congenitally (or physiologi- 
cally) corrected transposition. The "L" in L-TGA re- 
fers to the usual, but not invariable, position of the 
aortic root  that is anterior and left (Levo) of the pul- 
monary artery. Most patients with L-TGA have one or 
more associated major cardiac lesions. The most com- 
mon associated lesions are ventricular septal defect 
(VSD), pulmonary stenosis (PS), morphologic tricuspid 
(functionally "mitral") valve regurgitation (left atrio- 
ventricular [AV] valve regurgitation), and AV conduc- 
tion block. The most frequent combination of these 
associated lesions in our report of 127 patients with AV 
discordance who underwent repair is VSD/PS, and 
which was present in 76 patients (56%). z 
In the absence of associated lesions, patients with AV 
and VA discordance (L-TGA) may remain well and not 
need intervention. For those patients with associated 
lesions, conventional repair has dealt with those lesions 
while leaving the discordant connections. The alterna- 
tive repair is the "double switch" operation (i.e., an 
atrial switch, either Mustard or Senning, combined 
with an arterial switch operation) to achieve an ana- 
tomic repair by creating AV and VA concordance, 
albeit with the semilunar valves remaining discordant. 
If there is PS and a VSD, a valved conduit connecting 
the right ventricle to the pulmonary artery is required. 
These combined operations are referred to as a "double 
switch," and several clinical series using these approaches 
have been reported. 6d2 In this article, we describe the 
anatomic or double switch repair in patients with con- 
genitally corrected transposition and VSD/PS. 
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SURGICAL TECHNIQUE 
l (A) Heart with L-transposition of great arteries (L-TGA). Anterior view of the heart with congenitally corrected 
transposition illustrating the anterior, leftward positioned ascending aorta. (B) Anatomy of the morphologic left ventricle 
(MLV). The anterior wall of the MLV is removed here for convenience to show intraventricular surgical anatomy. The 
ventricular septum lies in an anteroposterior alignment rather than the oblique orientation of the normal heart. Asterisk (*) 
shows the area of pulmonic-mitral continuity. The right atrioventricular valve (RAW) is a morphologic mitral valve. The 
morphologic tricuspid (i.e., left AV valve [LAW]) is visible through the ventricular septal defect (VSD). The course of the His 
bundle and itsbranches i shown above the VSD and inferior to the pulmonary valve. Alva and coworkers have published a
detailed description of the anatomic features implicit in a double switch repair. 13 (C) Autopsy specimen of L-TGA. Incision 
in the morphologic right ventricle (MRV) continues through the aortic valve into the aortic arch and proximal descending aorta 
(Ao) (retracted superiorly). The pulmonary artery (PA) is to the right and posterior to, and hidden by, the Ao, between the 
right atrium (RA) and ascending Ao. Apex is shifted to the right, giving a typical mesocardia ppearance. IVC, inferior vena 
cava; PV, pulmonary veins; SVC, superior vena cava. 






2 (A) After institution of cardiopulmonary b pass and cardioplegic arrest, the right atrium is opened, and the ventricular 
septal defect (VSD) is examined. Evaluation of the VSD, including its position, size, and relation to the aorta, is the first and 
crucial step for planning the further course of surgery. A successful outcome depends on an unobstructed pathway from the 
morphologic left ventricle (MLV) into the aorta. 
Ideal candidates for a double switch will have an unrestrictive VSD in close proximity to the aortic valve. A severely 
restrictive VSD is a relative contraindication to a double switch. The presence of tricuspid regurgitation, often due to an 
Ebstein malformation, is an indication to consider anatomic repair. Straddling and override of the tricuspid valve and an 
Ebstein anomaly may be associated with hypoplasia of the right ventricle and are contraindications to either anatomic or 
physiologic biventricular repair. Mitral valve stenosis is rare but would preclude anatomic repair. I f  the VSD is of adequate 
size for anatomic repair or could be enlarged easily, the atrial septum is resected, and a Mustard operation is performed. The 
surgical technique for the Mustard operation was described in much detail previously.14 (B) After completion of the Mustard 
operation, the main pulmonary artery (PA) is divided proximally and sutured closed, incorporating the leaflets of the stenotic 
pulmonary valve. (C) Autopsy specimen with opened morphologic left ventricle (MLV). The anterior leaflet of the mitral valve 
is in continuity with the pulmonary valve. The asterisk (*) shows the area of pulmonic-mitral continuity. The morphologic 
tricuspid (i.e., left atrioventricular valve [LAW])  is-visible through the VSD. 
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3 An oblique left anterior view of the morphologic right ventricle (MRV) with its anterolateral wall removed illustrates the 
surgical anatomy. White dots indicate the course of the conduction pathway. The left atrioventricular valve (LAVV) and aortic 
valve are separated by a ridge of the muscular infundibular septum. (A) Under ideal circumstances, the ventricular septal 
defect (VSD) is of sufficient size and does not require enlargement. (B) However, more commonly the VSD needs to be 
enlarged. Resection of the muscular idge between the 2 semilunar valves (#1) will result in atrioventricular (AV) block. 
Spontaneous AV block is common in L-transposition of great arteries (L-TGA) and occurs in patients without cardiac surgery 
at a rate of 2% per year. To avoid conduction pathway damage, VSD enlargement should be towards the apex (#2). (C) An 
intraventricular tunnel through the right ventricle is then created to connect he morphologic left ventricle to the aorta (Ao). 
Sutures are placed on the morphologic RV side of the septum. A synthetic tube (Gore-Tex [W.L. Gore, Newark, Delaware] 
or Dacron [Medox Medical Inc., Oakland, New Jersey]) is opened longitudinally to create a nonobstructed tubular tunnel" 
between the VSD and Ao. The width of the cephalic end of the synthetic patch must be > 1/2 to 2/.3 the measured circumference 
of the Ao (3.14 x diameter), depending on the proximity of VSD to the Ao. The suture line must avoid the His bundle area 
under the semilunar valves but because of necessity crosses the bundle branch as far distal from the VSD as practical. (D) 
Autopsy specimen with opened MRV. There is a muscular idge of infundibular septum between the LAW and aortic valve. 
The restrictive size of this VSD is evident comparing its diameter (7 mm) to that of the aortic valve (11 mm.) The tricuspid 
valve is mostly obscured behind the rotated flap of anterior ventricular wall. The chordal attachment of the tricuspid valve 
and septal papillary muscle insert directly into the inferior edge of the VSD in this specimen. Enlargement of the VSD 
inferiorly would threaten the LAVV chordal attachments. The Ao is open through the noncoronary cusp. 
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4 Creation of the intraventricular tunnel is illustrated. Thick arrows indicate the blood flow pathway from the morphologic 
left ventricle (MLV) through the intraventricular tunnel and into the aorta. (A) The anterior wall of MLV is removed to show 
surgical anatomy. A ventriculotomy in the morphologic right ventricle (MRV) facilitates uturing of the intraventricular tunnel 
and is used to connect he pulmonary-valved conduit. The incision is positioned to avoid injury to coronary artery branches 
(>1 cm from any major coronary) and as cephalad and leftward as possible to avoid compression of the conduit by the 
sternum. The direction of the ventricular incision is towards the central point of pulmonary artery confluence. The 
intraventricular tunnel is visible through the incision in the MRV. (B) The anterior walls of both ventricles and part of the 
ventricular septum are removed to show surgical anatomy. The abundant size of the intraventricular patch is required to 
avoid subaortic obstruction. The patch is secured with a suture applied to the morphologic right side of the ventricular septum 
to avoid damage to the central conduction pathway. Following completion of the intra-atrial and intraventricular pathways, 
the right atrium is closed, de-airing is performed, and the aortic cross clamp is removed to allow reperfusion of the heart. 
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5 The heart is now allowed to beat, and rewarming of the 
patient proceeds. The intraventricular tunnel is visible via 
the incision in the morphologic right ventricle (MRV). The 
size of the valved conduit appropriate for the age and size of 
the patient is selected with reference to standard nomo- 
grams. The confluence of the left and right pulmonary ar- 
teries is widely opened. 
6 The distal anastomosis of the conduit o the pulmonary 
artery (PA) confluence is oblique and completed with run- 
ning suture. Our preference in infants and small children is 
to Use a pulmonary allograft because it is compliant, has a 
maximal orifice to external diameter ratio, and tends to have 
more hemostatic suture lines. For older patients, a Dacron 
conduit containing a porcine valve is useful because unlike 
an allograft, it does not require an extension to reach the 
ventricle. In our experience, the durability of these conduits 
is primarily determined by patient size and conduit size 
rather than the type of device. 15 The proximal anastomosis of
the conduit to the morphologic right ventricle (MRV) is 
completed with running nonpledgetted suture. In most cases, 
it is more convenient to position the conduit o the left of the 
aorta where it is less likely to be compressed by the sternum. 
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CONCLUDING REMARKS 
Weaning from bypass with adequate volume loading, 
inotropic support, and appropriate control of afterload 
is followed by intraoperative transesophageal echocar- 
diographic assessment of the repair and heart function. 
Specific attention should be directed to assess the out- 
flow gradients, AV valve function, and to ensure that 
there are no residual intracardiac shunts. Both pleural 
spaces and the pericardium should be drained ade- 
quately and, in infants, a peritoneal dialysis catheter is 
placed. 
Whether the more complex "double switch" repairs 
will produce better late results than conventional re- 
pair will not be known until there is longer follow- 
up.  5'16 The double switch outcomes in patients with 
VSD/PS will have the late complication associated with 
pulmonary valved conduits and will almost certainly be 
less favorable than for those patients without PS, in 
whom an arterial switch can be used. Combining the 
known late atrial baffle complications of tachyarrhyth- 
mia and baffle obstruction with the inevitable failure of 
valved conduits, the potential for subaortic stenosis 
and late AV block will require careful long-term care 
and re-intervention. We have illustrated the double 
switch using the Mustard rather than Senning atrial 
repair. We believe that the Mustard is fraught with 
fewer early and late complications but recognize that 
surgeon preference and experience is very important in 
selecting the type of atrial repair. 
The authors appreciate the assistance of Mr. Jimmy 
Choi in obtaining the excellent photographs of the pa- 
thology specimen. 
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